The supersymmetric generalization of the limiting and Gaussian QCD spectra is obtained. These spectra are valid for x 1, when the main contribution to the parton cascade is given by gluons and gluinos. The derived spectra are applied to decaying superheavy particles with masses up to the GUT scale. These particles can be relics from the Big Bang or produced by topological defects and could give rise to the observed ultrahigh energy cosmic rays. General formulae for the uxes of protons, photons and neutrinos due to decays of superheavy particles are obtained.
000000000 000000000 000000000 000000000 000000000 000000000 000000000 000000000 000000000 000000000 000000000 000000000 000000000 000000000 000000000 000000000 000000000 000000000 000000000 000000000 000000000 000000000 000000000 000000000 000000000 000000000 000000000 000000000 000000000 000000000 000000000 000000000 000000000 000000000 000000000 000000000 000000000 000000000 000000000 000000000 000000000 000000000 000000000 000000000 000000000 000000000 000000000 000000000 000000000 000000000 000000000 000000000 000000000 000000000 111111111  111111111  111111111 111111111  111111111  111111111  111111111  111111111 111111111  111111111  111111111  111111111 111111111  111111111  111111111  111111111  111111111 111111111  111111111  111111111 111111111  111111111  111111111 The spectra of hadrons produced in deep-inelastic scattering and e + e ? annihilation are formed due to QCD cascading of the partons. In the Leading Logarithmic Approximation (LLA) which takes into account ln(Q 2 ) terms this cascade is described by the Gribov-Lipatov-Altarelli-Parisi-Dokshitzer (GLAPD) equation 1]. The Modi ed Leading Logarithmic Approximation (MLLA) takes into account additionally ln(x) terms, where x = k k =k max k and k k is the longitudinal momentum of the produced hadron. Color coherence e ects are described in MLLA. Two approximate analytic solutions to the MLLA evolution equations have been obtained. These are the limiting spectrum 2] and the Gaussian spectrum 3, 4] , in which we include the distorted Gaussian spectrum 5, 6, 7] . The limiting spectrum is the most accurate one among them. In fact, it describes well the experimental data at large x, too, and this is natural, though accidental (for an explanation see Ref. 6] ). The limiting spectrum has a free normalization constant, K lim , which cannot be calculated theoretically and is found from comparison with experimental data. This constant has to be considered as a basic parameter of the theory, and it can be used at all energies, where the physical assumptions, under which the limiting spectrum is derived, are valid. For detailed calculations of hadron spectra in e + e ? annihilation and comparison with experimental data see Ref. 8] . Up to energies of existing e + e ? colliders, p s < 183 GeV, the limiting spectrum and the distorted Gaussian spectrum describe well the available data. At large energies p s > 1 TeV the production of supersymmetric particles might substantially change the QCD spectra. Apart from future experiments at LHC, supersymmetry (SUSY) might strongly reveal itself in the decays of superheavy particles. They can appear as relics of the Big Bang, or be produced by topological defects (TD), and can be the sources of the observed ultrahigh energy cosmic rays (UHECR) at E > 1 10 10 GeV. The range of masses, m X , of interest for UHECR goes from the GUT scale (m X 10 16 GeV) or less down to m X 10 12 ? 10 14 GeV.
In this paper we obtain the generalization of the limiting and Gaussian QCD spectra for the SUSY case. Although the in uence of SUSY on, e.g., the evolution of parton distributions or the running coupling constant was considered in many works in the 80's 9], this is, to the best of our knowledge, the rst time that fragmentation spectra of hadrons are examined for large p s up to the GUT scale in SUSY-QCD. As application we use these spectra for calculations of the uxes of UHECR produced in the decays of superheavy particles. 
where B A (z) is the splitting function characterizing the decay A ! B + C.
The supersymmetrization of Eq. (2) is simple: each parton A should be substituted by the supermultiplet which contains A and its superpartnerÃ. We shall generalize here the limiting spectrum of QCD given e.g. in 6] to SUSY-QCD. This spectrum is valid for small x, where gluons strongly dominate the other partons. Therefore, we restrict ourselves to calculations taking into account only two partons, namely gluons g and gluinos , in the tree diagrams. However, in the loop diagrams which govern the running of s (k 2 ? ) we take into account also quarks and squarks.
Multiplying Eq. : (13) In the limit ! = j ? 1 ! 0, the leading term + is given by
with a = 11 3 N c = 11: (N c = 3 is the number of colours.) Up to now we have considered the LLA approximation. This approximation is not correct for x 1, when colour coherence e ects become important. A better description of distributions at small x is given by the MLLA approximation 2]. It takes into account both ln(Q 2 ) and ln(x) terms as well as angular ordering. The MLLA evolution equation results in Eq. (9) 
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In Fig. 1 the SUSY-QCD limiting spectrum is shown in comparison with the QCD limiting spectrum, for the case of three colours, N c = 3, and six quarks avours, n f = 6. For the sake of comparison, we normalize both spectra by the condition Z 1 0 dx xD lim (x; Y ) = 2 : (17) The maximum of the spectra is at l m = Y (0:5 + q c=Y ? c=Y ) with c 0:39 in QCD and c 0:84 in SUSY-QCD. Therefore, the SUSY spectra are shifted to the right, and since they are also narrower than the QCD spectra (see Eq. (19) below), the SUSY maxima are dramatically higher (by a factor of 30) than the QCD ones. We remind the reader that the value of the maximum is given by the multiplicity. We compare these spectra also with the Gaussian approximation obtained for the MLLA solution 5, 7] . This approximation can be easily generalized to the SUSY case 
Since b SUSY = 3 (for n f = 6) is less than b QCD = 7 (for the same n f ), the SUSY-QCD peak is narrower than the QCD one. The Gaussian spectrum given by Eq. (18) has its maximum at x = x m . It gives a less precise description than the limiting spectrum. One might expect that at large Y , when the higher momenta, skewness s and kurtosis , become small (s Y ?3=2 and Y ?1=2 ) the agreement improves. We have found that both for the case of ordinary QCD and SUSY-QCD the shape of the spectra di ers substantially in the interesting range 10 ?6 < x < 10 ?2 (Fig. 2) .
Applications
We shall apply now the limiting spectrum in SUSY-QCD to the calculation of the spectrum of ultrahigh energy cosmic rays (UHECR) generated by the decay of superheavy particles with masses 10 12 ? 10 15 GeV.
Let us discuss rst the problem of the normalization of spectrum. We remind the reader that the limiting spectrum has been derived for x 1, though at least for small s it describes well the experimental data for x up to x 1 (see 6] for discussion). In
